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T he LH C b detector
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Nikhef, P.O . Box 41882,
1009 DB Am sterdam , The Netherlands
on behalf of the LHCb collaboration
The LHCb spectrom eter is designed with specialem phasis on the discovery potentialofb and
c-physicsstudies.The m ain characteristicsofthe setup are discussed shortly.Sincethecom pletion
of the LHCb detector, it has extensively been com m issioned with cosm ic rays, sim ulated data,
beam and beam -induced events. Som e com m issioning results and an outlook to early physics are
presented.
I. IN T R O D U C T IO N
LHCb is a dedicated b and c-physics experim ent
atthe Large Hadron Collider(LHC)thatwillsearch
for New Physics (NP) beyond the Standard M odel
(SM )viahigh-precisionm easurem entsofCP-violating
observables and rare decays of beauty and charm -
avoured hadrons. In the proton-proton collisionsat
the design energy ofLHC,i.e.
p
s= 14 TeV,the full
B-hadron and B-baryon spectrum willbe produced:







crosssection isplotted asa function ofthe polaran-
glesoftheproduced b and b with respectto thebeam
direction (z-axis).Thestrong angularcorrelation has
FIG .1:Pythia sim ulation ofthe bb-production crosssec-
tion asa function ofthe polar anglesofthe b and b pro-
duced in the prim ary vertex
led to the design ofthe LHCb detectorasa forward
anglespectrom eter.
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II. D ET EC T O R LA Y O U T A N D
SP EC IFIC A T IO N S
LHCb is a single-arm spectrom eter with an angu-
larcoveragefrom  15 m rad to 300 (250)m rad in the
bending (non-bending)plane.Thelayoutofthespec-
trom eter is shown in Fig.2. It is described in great
FIG .2: Side view ofthe LHCb detector with the follow-
ing com ponents:Vertex Locator(VELO ),RICH1,Trigger
Turicencis (TT), dipole m agnet, three tracking stations
(T1,T2,T3),RICH2,Scintillating Pad D etector (SPD ),
PreShower (PS),Electrom agnetic (ECAL) and Hadronic
(HCAL)calorim etersand a M uon system (M 1 up to M 5).
detailin [1].
Thekey characteristicsofLHCb are:
 Excellentvertex and propertim e resolution;
 G ood particle identication (PID) properties,
especially /K separation;
 G ood m om entum resolution, which together
with the precise direction determ ination by the
VELO , im plies precise invariant m ass resolu-
tion;
 An ecientand exible triggersystem ;
Thesefourcharacteristicitem sarediscussed below.
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A . V ertexing
The VELO consistsof2 halvesthathave to be re-
tracted by 29 m m before the beam s can be injected
into LHC. Each half contains 21 m odules, each of
which hastwo silicon halfdiskswith stripsin R and
 geom etry,repectively.The detectorvolum e issep-
arated from thebeam volum eby a 0.3 m m thick cor-
rugated Alum inium foil. In the closed position the
innerm oststrip approachesthebeam to8.2m m .Sim -
ulationsshow thattheexpected im pactparam eterres-
olution am ountsto IP  14 m + 35 m /pT ,where
pT isthetransversem om entum in G eV/cwith respect
toz.Theresolutionwith which thezcoordinateofthe
prim ary vertex can be determ ined is expected to be




resolution am ountsto144m .Thesevaluesshould be
com paredtotheaverageightpath of 9m m between
the prim ary and secondary vertex ofa proton-proton
collision in which a B s-m eson isproduced.
B . Particle identication
G ood /K seperation is a prerequisite for a large
part ofthe experim entalprogram ofLHCb. There-
forethereare2 RICH detectorsto covertherequired
m om entum range. RICH1 is situated in frontofthe
m agnetand usesaerogeland C4F10 radiatorsforthe
m om entum range up to  60 G eV/c. The m om en-
tum range between  15 and 100 G eV/c is covered
by RICH2 using a C F4 radiator. The expected kaon
identication and pion m isidentication probabilities
areplotted in Fig.3.
FIG .3: Probability for kaonsto be indentied as a kaon
(red) and pions to be m isidentied as a kaon (blue) as a
function ofm om entum .
TheLHCb calorim etersystem ,thatconsistsofPS,
SPD,ECAL and HCAL,perform s severaltasks. It
selects hadron,electron and photon candidates with
sucienttransverseenergyfortherstlevel(L0)trig-
ger. M oreover,it provides particle identication as
wellasenergy and position determ ination.
M uon triggering and oinem uon identication are
key characteristicsforB-physicsstudies,asm uonsare
presentin m any nalstatesofB -decays,and assuch
crucialform anyCP-asym m etrym easurem ents[2]and
rareB -decays[3].
C . M om entum resolution
Trackingisperform edbycom biningtheinform ation
from theVELO ,TT,IT and O T.Theintegrated eld
ofthenorm alconductivedipolem agnetisoftheorder
of4Tm .Theexpected m om entum resolutionvariesas
a function ofthe track m om entum from 0.4 to 0.6 % .
D . Trigger
Atthedesign lum inosity of2 1032 cm   2s  1 therate
ofeventswith atleasttwo particlesin the LHCb ac-
ceptancewillbe 10M Hz.Thetaskofthetriggersys-
tem isto reduce thisrate by a factor5000 to 2 kHz,
which is subsequently written to storage for o-line
analysis. Trigger decisions are based on characteris-
tic featuresofthe reactionsunderstudy,like the fact
that b-hadrons live long,resulting in well-seperated
prim ary and secondary vertices,and havea relatively
largem ass,resulting in decay productswith largepT .
The trigger system consists of2 parts: Level0 (L0)
which isim plem ented in custom -m adeelectronicsand
a High LevelTrigger(HLT)im plem ented in software
and presently running on  4000 com m ercially avail-
able processors. The decision ofthe L0 is based on
the inform ation ofthe PileUp detector,which identi-
esbunch crossingswith m ultipleinteractions,and of
thecalorim eterand m uon system s.TheHLT rstcon-
rm sand renesthehigh-pT L0-candidates,and then
selectseventswith partially orfully reconstructed B -
decay m odes.
E. Perform ance
M any sim ulations have been perform ed to predict
theresponseofthedetectorand toprepareforphysics
analyses[4].Fortim e-dependentCP-asym m etrym ea-
surem entswith B s-m esonsitism andatory to provide
foran excellentpropertim e resolution in orderto be
able to resolve the fast B s B s-oscillations. In Fig.4
the distribution ofthe dierence between the recon-
structed and sim ulated B s-m eson propertim eisplot-
ted. W hen tted with a double-G aussian a proper
tim e resolution of 40 fsem erges.Thisism ore than
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sucient to determ ine tim e dependent CP-violation
in the B s-system .
FIG .4: D ierence between the reconstructed and gener-
ated propertim e ofB s decaying into D sK .
Anotherim portantaspectofLHCb isitsm assres-
olution.In Fig.5 the invariantm assspectrum ofthe
reaction B s ! D

s
K  isshown,asobtained aftero-
lineselection,featuringan expected m assresolution of
14 M eV.Also shown isthe contribution ofB s! D s,
FIG .5: Invariant m ass distribution ofthe reconstructed






oinecuts.Alsoshown istherem ainingcontribution from





decays,which isexpected to be the dom -
inantbackground.
which isexpected tobethedom inantbackground,but
giving only a m inorcontribution thanksto the excel-
lentp.i.d.propertiesofLHCb.
III. C O M M ISSIO N IN G
Com m issioning of the LHCb detector started in
2007with individualsub-detectorsbeingpowered and
readout.Controlandtuningsoftwarewerefurtherde-
veloped untilin sum m er 2008 allsub-detectors were
operated under centralcontroland the fullchain of
data taking and storage was exercised for the rst
tim e. In August2009 the fulldetectorwas read out
ata rate of1 M Hz,very close to itsdesign specica-
tion.The back-end partofthe DAQ system ,consist-
ing ofHLT processorfarm ,storage,run controland
m onitoring,is regularly tested by m eansofinjection
ofM onte Carlo events. In the following three sub-
sections som e details ofthe com m issioning are pre-
sented; those obtained with cosm ic rays,beam and
beam -induced events,respectively.
A . C om m issioning w ith cosm ics
Although the conguration of LHCb is not well
suited form easuringcosm icrays,afew m illion cosm ic
eventshavebeen collected in the courseoftim e.The
data are used for various calibration purposes. For
instance the various parts ofthe m uon system have
been tim ealigned and itseciency studied.In Fig. 6
the tim e distributions with respectto the trigger,as
provided by the SPD,are shown for m uon stations
M 2-M 5.Forward trackscom efrom the "good" direc-
tion and are used to synchronize the m uon stations.
Thedierencein tim eofightbetween backward and
forwardtracksisclearlyvisiblein thetwosetsofplots.
M oreover,analysis code for space alignm ent ofvari-
FIG .6: Tim e dierence distributions between an exter-
naltrigger and m uon stations M 2,M 3,M 4 and M 5,for
backward (left)and forward (right)tracks.
ous sub-detectors is developed and applied to these
cosm icsdata.Unfortunately cosm icscan notbe used
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by the sub-detectors that coverconsiderably sm aller
areas,likeIT,TT and VELO .
B . C om m issioning w ith beam
O n Septem ber10,2008 both beam sofLHC circu-
lated for the rst tim e through the ring. Som e de-
tectors ofLHCb were switched on when beam 2,i.e.
the clock-wise one, passed through Point 8. They
recorded som e clean events, but also a handful of
splash events,probably dueto (partof)thebeam hit-
ting a collim ator and generating a lot ofsecondary
particles. In Fig.7 an eventdisplay ofsuch a splash
event is shown. Detector elem ents of the O T and
CALO thatregistered a hitarehighlighted,aswellas
thestraighttracksthatcould betted through them .
FIG . 7: Event display of a splash event recorded on
Septem ber 10,2008. Visible are the coils ofthe m agnet
(grey),hits in the straws ofthe O T (purple),hits in the
CALO (dark blue)and reconstructed tracks(lightblue).
C . C om m issioning w ith beam -induced events
At various occasions the LHC m achine group has
perform ed injection tests in which proton bunches
from SPS are directed on a beam stopper(TED)lo-
cated about340 m downstream ofLHCb. The sim u-
lated proleofem ergingsecondary and tertiary parti-
cles,m ainly being m uons,isshown in Fig.8.An SPS
bunch containing 5 109 protonsgenerateson average
7 tracks in the VELO ,i.e. in an eective surface of
54 cm 2.Thesebeam -induced eventsareused to m ea-
sure pulse shapesofthe Beetle frontend chipsand to
synchronizethe readoutofthe silicon detectors,both
internally and with respect to other sub-detectors.
W ith a very lim ited data set consisting ofonly 100
bunches it turned out to be possible to tim e align
FIG .8:Prole in (y,z)coordinatesoftheshowerofparti-
clesproduced by a 450 G eV proton bunch ofSPS im ping-
ing on the TED ,located 340 m downstream ofLHCb.
the VELO sensors within  2 ns. Also rst spatial
alignm ent results have been obtained with these so-
called TED-data.ForinstancetheVELO m odule-to-
m odule alignm ent param eters have been determ ined
in situ. Com parison with those extracted from ear-
lierm etrology m easurem entsindicatesthatthe m od-
ulealignm entparam etersareconsistentwithin 10m
for translation and 200 rad for rotation. The dis-
tancebetween thetwo VELO -halvescan beextracted
from tracks passing through both sides. An actual
m ovem entof450 m isreconstructed as445 10 m .
M oreover,therstalignm entbetween VELO and TT
has been obtained by m eans ofextrapolated VELO -
tracks,resulting in a residuals distribution with a 
of500 m .
IV . EA R LY P H Y SIC S
Theplansforearly physicswillevolvein thecourse
oftim e asthe beam energy and lum inosity delivered
by LHC will becom e m ore clear. Notwithstanding
these uncertaintiesa seriesoftopicshasbeen identi-
ed thatcan alreadylead totantalizingphysicsresults
with only lim ited integrated lum inosity.O fthese the
following havebeen presented atthisconference:
 inclusiveV0 and D -m eson production,
thisanalysiswillbebased on a 100M m inim um
biassam ple and 1 M ()-events.Using recon-
structed J/ ! +   decays both the prom pt
J/ and b! J/ production crosssection willbe
determ ined in thepseudo-rapidityrange2  5.
Strangeness production and hadronization will
be investigated via the ratio = asa function
ofpT and .See [5].
 search forNew Physicsin raredecays,
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raredecayslikeB 0
s
! +   areavourchanging
neutralcurrentdecaysthatareforbidden atthe
treelevel.Determ ination ofthe branching frac-
tion ofthisraredecay opensa venuefordiscov-
eringNew Physics,dueto thepossiblecontribu-
tion ofvirtualparticlesin the box and penguin
diagram s.Background rejection isam ajorissue
in these studies,butisexpected to be m anage-
able thanks to the good vertexing capabilities
and m assresolution ofLHCb.See [3].
 searching forNew Physicsin CP-violation,
predictionsofthe Standard M odelwill,am ong
others,be tested via the determ ination ofthe
B s-m ixing phase s from a avourtagged,an-
gularanalysisofB 0
s
! J/ .See [2].
V . C O N C LU SIO N S A N D O U T LO O K
Sincetheconstruction oftheLHCb detectoriscom -
pleted,the setup has extensively been com m issioned
with cosm ic rays,sim ulated data,beam and beam -
induced events. These data perm itted sub-detectors
to perform internal, as wellas m utual, tim e align-
m ent. First spatialalignm ent constants have been
determ ined showingonly sm alldeviationsfrom earlier
m etrology results. The detector frontend electronics
hasbeen read outat1M Hz.TheLHCb collaboration
islooking forward to therstproton-proton collisions
at3.5TeV perbeam and theirphysicsoutcom ein this
terra incognita ofparticlephysics.
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